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(54)    Organic eletroluminescent device and method for producing it 

(57) Disclosed is an advanced, organic electrolumi- 
nescent device having a coated or printed layer of at 
least one organic light-emitting material not having any 
polymeric repetition in the chemical structure. In the 
device, the coated or printed layer is a light-emitting 
layer to be put between an anode and a cathode. Also 
disclosed is an inexpensive, high-producibility method 
for producing it, comprising a step of coating or printing 
a material that contains at least one organic light-emit- 
ting material not having any polymeric repetition in the 
organic structure, thereby forming a coated or printed 
layer of the organic light-emitting material. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention: 

[00011 The present invention relates to an organic electroluminescent device (organic EL device), in particular, to an 
organic EL device having an organic layer, which has a light-emitting region and is formed between an anode and a 
cathode, and containing a substance capable of emitting light through current injection there.nto as a constrtuent ele- 
ment and also to a method for producing it. Description of the Related Art: 
[0002]   Light-weight and high-efficiency flat panel displays are being much studied and developed, for example, for 
picture display in computers and televisions. 
[0003] First, as having high luminance and good color reproducibility, cathode-ray tubes (CRT) are most used at 
present in displays, but are problematic in that they are bulky and heavy and consume much power. 
[0004] On the other hand, as light-weight and high-efficiency flat panel displays, active matrix dnve-type l.qu.d-crystal 
displays have been commercialized in the market. However, liquid-crystal displays are problematic in that the viewing 
angle is narrow, that the power to be consumed by the backlight is large in dark environments s.nce they are not self- 
luminescent, and that they do not have satisfactory responsibility to high-resolution high-speed v.deo signals. In part.c- 
ular, other problems are that large picture-size liquid-crystal displays are difficult to produce and the production costs 

rooSST Light-emitting diode displays could be substituents for them, which, however, are still problematic in that the 
production costs for such displays are high and that it is difficult to form a light-emitting diode matrix structure on one 
substrate. In that situation, there are many serious problems to be solved before low-priced display candidates subst- 
tutable for cathode-ray tubes could be put into practical use. . 
[0006]    As flat panel displays capable of solving the problems noted above, organic electroluminescent devices 
(organic EL devices) comprising an organic light-emitting material have become widely noted in the art Specrtcally.it 
is expected to realize flat panel displays with no viewing angle dependency, which comprise an organic layer of a light- 
emitting material and which are self-luminescent and are characterized by high speed of response. 
[0007]   Regarding its constitution, an organic electroluminescent device comprises a light-transmitting positive elec- 
trode and a metal negative electrode, and a thin organic film containing a light-emitting material as sandwiched 
between the two electrodes. The organic material to form such an electroluminescent device is grouped .rrto a high- 
molecular material to be prepared by polymerization of monomers and a low-molecular material. In general, the high- 
molecular material could not be formed into f ilms through vacuum vapor deposition. Therefore, coating of its solution or 
jetting thereof in an ink-jetting system is employed in using it in producing devices. As opposed to this, laminate struc- 
tures to be formed through vacuum vapor deposition has been essentially studied for the low-molecular material. 
[0008]   For example. C.W. Tang. S.A. VanSlyke. et al. have developed, as in their study report disclosed in Applied 
Physics Letters Vol. 51. No. 12. pp. 913 to 915 (1987). a device structure (single hetero-structured organic EL device) 
in which the thin organic film has a two-layered structure composed of a thin film of a hole-transporting material and a 
thin film of an electron-transporting material and in which the holes and the electrons having been injected into the 
organic film from each electrode are re-combined to emit light. 
[0009] In that device structure, any of the hole-transporting material or the electron-transporting material further acts 
as a light-emitting material, and the light emission occurs in the waveband that corresponds to the energy gap between 
the ground state and the excited state of the light-emitting material. The two-layered structure in that dev.ce has realized 
great reduction in the driving voltage and increase in the light-emitting efficiency. 
[0010] After that a three-layered structure (double hetero-structured organic EL device) of a hole-transporting mate- 
rial, a light-emitting material and an electron-transporting material has been developed by C. Adachi. S. Tokita, T. Tsut- 
sui S Saito et al.. as in their study report disclosed in Japanese Journal of Applied Physics, Vol. 27, No. 2, pp. L269 
to L271 (1988)- and a device structure comprising a light-emitting material as incorporated in an electron-transporting 
material has been developed by C.W. Tang. S.A. VanSlyke, C.H. Chen, et al.. as in their study report disclosed in Jour- 
nal of Applied Physics, Vol. 65, No. 9, pp. 3610 to 3616 (1989). In their studies, the possibility of low-voltage and high- 
luminance light emission has been discussed and verified, and their studies have led many recent studies and devel- 
opments in the art. . . 
[0011] However vacuum vapor deposition apparatus to be used in forming the thin organic films noted above are gen- 
erally expensive, and continuous production of such thin organic films is difficult. Therefore, the integrated production 
of devices in vacuum is problematic in that the production costs shall be high. On the other hand, for example, when an 
electron-transporting material is incorporated into a light-emitting material, a plurality of vapor sources are Prepared 
and are separately vaporized at different vaporization rates. In this process, however, it is not easy to stably control the 
vapor concentrations. 
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[0012] In addition, since the above-mentioned structure is a laminate structure comprising a hole-transporting layer 
and an electron-transporting layer, it requires complicated operation for forming it and the conditions for forming it are 
difficult to settle. 

5     SUMMARY OF THE INVENTION 

[0013] The object of the present invention is to provide an advanced, organic electroluminescent device, and an inex- 
pensive, high-producibility method for producing it. 
[0014] We, the present inventors have assiduously studied in order to solve the problems noted above. As a result, 

10 having broken the commonly accepted theory, we have found that even a thin film as formed through solution coating 
of a low-molecular material brings about electroluminescence, and have achieved the present invention. 
[0015] Specifically, the invention relates to an organic electroluminescent device having a coated or printed layer of 
at least one organic light-emitting material not having any polymeric repetition in the chemical structure. (This is here- 
inafter referred to as the organic EL device of the invention.) 

is [0016] The invention also provides a method for producing an organic electroluminescent device, which comprises a 
step of coating or printing a material that contains at least one organic light-emitting material not having any polymeric 
repetition in the chemical structure, thereby forming a coated or printed layer of the organic light-emitting material. (This 
is hereinafter referred to as the production method of the invention.) 
[0017] In the organic EL device and the production method of the invention, an organic light-emitting material not hav- 

20 ing any polymeric repetition in the chemical structure (that is, a low-molecular one) is coated or printed. Therefore, the 
invention where a solution of such a low-molecular, organic light-emitting material is coated or printed to produce the 
device is superior to using high-molecular materials in that the wavelength of the light to be emitted by the device and 
also the thermal characteristics and others of the device are easily controlled through molecular designing of the low- 
molecular material to be used, that the synthetic reaction for producing the low-molecular material is controlled with 

25 accuracy as not including polymerization, and that the synthesized low-molecular material can be purified more easily 
than high-molecular materials. According to the invention, therefore, there are provided high-performance devices at 
low costs, and the producibility for the devices is high. 
[0018]   In addition, the organic light-emitting material forms a single coated or printed layer as a light-emitting layer in 
the device of the invention. Therefore, the invention does not require the formation of conventional laminate structures, 

30   and the operation for forming the layer is easy. The layer can be formed in a simplified manner merely by settling the 
coating or printing condition for it 
[0019] One or more of the above-mentioned organic light-emitting materials can be used either singly or as combined. 

BRIEF DESCRIPTION OF THE DRAWINGS 
35 u 

[0020] 

Fig. 1 is a cross-sectional view graphically showing the essential part of the organic electroluminescent device of 
the invention; 

40        Fig. 2 is a constitutional view showing a full-color-type flat display in which is used the organic electroluminescent 
device of the invention; 
Fig. 3 is the luminance-voltage characteristic profile of one example of the organic electroluminescent device of the 
invention; 
Fig. 4 is the current density-voltage characteristic profile of the device; 

45        Fig. 5 is a pattern of the emission spectrum of the device; 
Fig. 6 is the luminance-voltage characteristic profile of another example of the organic electroluminescent device 
of the invention; 
Fig. 7 is the current density-voltage characteristic profile of the device; 
Fig. 8 is the CIE chromaticity diagram of the luminescent color of the device; 

so        Fig. 9 is the luminance-voltage characteristic profile of still another example of the organic electroluminescent 
device of the invention; 
Fig. 10 is the current density-voltage characteristic profile of the device; and 
Fig. 11 is the CIE chromaticity diagram of the luminescent color of the device. 
Fig. 12 is a graphic view showing a micro-gravure coater to be used in forming still another example of the organic 

55        electroluminescent device of the invention. 
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DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION 

[0021] Preferably, in the organic EL device and the production method for it of the invention, the organic light-emitting 
material is in the light-emitting layer having been formed through coating or printing, and the light-emitting layer that 

5 contains at least either a hole-transporting material or an electron-transporting material, and the organic light emitting 
material is formed through coating or printing (that is, the light-emitting layer is formed as a single layer through coating 
or printing). 
[0022]  Where the driving electrode for the light-emitting layer is formed through coating or printing of an organic mate- 
rial containing a conductive powder, it is unnecessary to form the electrode through vapor deposition. In this embodi- 

w   ment, the formation of the device is more easy. 
[0023]   The coating may be effected by any of spin coating, dipping or spray coating. The printing may be effected by 
any of relief printing, lithographic printing, gravure printing, flexographic printing or screen printing. 
[0024]  One example of the organic electroluminescent device of the invention is described with reference to the draw- 
ings attached hereto. 

75   [0025]   Fig. 1 shows an organic electroluminescent device A, which has a laminate structure as constructed by lami- 
nating a light-transmitting anode (transparent anode) 2, a light-emitting layer 7 of a thin, organic coated film that con- 
tains the above-mentioned, low-molecular organic light-emitting material, and a cathode 3 in that order on a light- 
transmitting substrate (transparent substrate) 1, and in which the laminate structure is sealed with a protective film 4. 
[0026]    The light-emitting layer 7 is formed by coating or printing a coating composition of ink that contains a low- 

20 molecular, organic light-emitting material to be mentioned hereinunder, or contains it along with a hole-transporting 
material and/or an electron-transporting material, on the substrate 1, and this is formed as a single coated or printed 
layer. 
[0027]    In this organic electroluminescent device A, the substrate 1 may be made of any suitable, light-transmitting 
material of, for example, glass, plastics, etc. Where the device A is combined with any other display devices, or where 

25   the structures of Fig. 1 are arranged in matrices, they may share the substrate illustrated in Fig. 1 
[0028] The anode 2 is a transparent electrode, and may be made of ITO (indium tin oxide), Sn02 or the like. Where 
the protective film 4 is made of a conductive material such as metal or the like, an insulating film may be provided at the 
side surface of the anode 2. 
[0029]   If desired, a thin film of an organic substance or an organic metal compound may be sandwiched between the 

30   transparent electrode 2 and the light-emitting layer 7 for the purpose of improving the charge injection efficiency. In par- 
ticular, where the substrate is made of a flexible material of, for example, plastics or the like, roll-to-roll continuous pro- 
duction is applicable to the device. 
[0030] At least one or more materials are in the electroluminescent layer 7. For example, the material capable of form- 
ing the layer by itself without being combined with any others includes compounds that are so designed as to have the 

35 structure acting for electron transportation and for light emission and the structure containing an amino group or a sub- 
stituted amino group in the molecule. The material having the properties of hole transportability, electron transportability 
and light emittability may form the electroluminescent layer by itself without being combined with any others. For the 
materials that could not exhibit satisfactory capabilities when used singly, at least one or more selected from hole-trans- 
porting material, electron-transporting materials, light-emitting materials and others shall be in the layer. 

40 [0031] As the hole-transporting material, usable are any known ones including, for example, aromatic amines, pyra- 
zolines, etc. The electron-transporting material includes metal complex compounds with aluminium or zinc, aromatic 
carbon compounds, and oxadiazoles. For the purpose of enhancing the light-emitting efficiency of the electrolumines- 
cent layer, a thin film for controlling the hole or electron transportation in the layer may be provided adjacent to the layer. 
[0032]   Coating the layer may be effected in air. However, where oxygen, water and others in air will remain in the thin 

45 film formed to have some negative influences on the driving life of the device, it is often effective to carry out the coating 
in a chemically inert vapor atmosphere of nitrogen, argon, neon, xenon, krypton or the like. 
[0033]   Spin coating as referred to herein for forming the layer indicates a coating method comprising applying a solu- 
tion onto a substrate followed by spinning the thus-coated substrate to remove the excess solution, thereby forming a 
coating film having a predetermined thickness on the substrate. For the coating step, employable is any ordinary spin- 

so   coating apparatus. 
[0034] Dipping indicates a method comprising dipping a substrate in a solution followed by taking the substrate out of 
the solution at a predetermined rate to thereby coat the substrate with the solution. For this, any ordinary dipping mode 
is employable. 
[0035]   For spray coating, various systems are employable. For example, one ordinary method is employable herein, 

55   in which a coating solution as put in a closed container is sprayed under pressure through fine nozzles of the container 
over a substrate to be coated therewith. Apart from this, also employable is an ink-jetting system. 
[0036]   For relief printing, lithographic printing, gravure printing, flexographic printing, screen printing and the like, the 
driving condition for the printer to be used must be suitably controlled in accordance with the viscosity of the coating 
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solution. Of those, preferred is gravure printing, for which the viscosity of the printing ink may low and a volatile organic 
solvent may be used. However, without being limited to this, any other printing methods are employable herein. 
[0037]  In order to control the viscosity of the printing ink to be used, a side component of polyarylenes, polythiophenes 
and the like may be incorporated into the printing ink. To prepare the printing ink, usable is any suitable organic solvent 

5    selected from chloroform, dichloromethane, alcohols, cellosolves, ketones, aromatic hydrocarbons, etc. 
[0038] The cathode 3 may have a synthetic or laminate structure of an electrode material comprising an active metal 
of Li, Mg, Ca or the like, and a metal of Ag, Al, In or the like. In general, the cathode is formed through vacuum vapor 
deposition. Preferably, however, an organic material containing a metal powder of Mg, Ag or the like is formed into the 
cathode through screen printing or coating, which is easy as in the formation of the light-emitting layer. 

io [0039] Controlling the thickness of the cathode makes the device have a desired light transmittance that is suitable to 
itsnjse. In that manner, light-transmitting, electroluminescent devices can be produced. In those, a transparent elec- 
trode may be formed on the metal cathode in order to ensure stable electric connection. 
[0040] Sealing with the protective film 4 or any other sealing container may be applied to the organic electrolumines- 
cent device for the purpose of shielding the device from oxygen and water to thereby ensure the driving reliability of the 

is device. The material for the sealing container may he any one having vapor sealability, and includes glass, metals, 
ceramics, etc. The shape of the sealing container may also be any one capable of ensuring the vapor sealability of the 
container. For attaching the container to the substrate, any vapor-sealable resin is employable. The sealant resin may 
contain a thickener and a filler. 
[0041] Next, Fig. 2 shows one constructional example of a flat display comprising the organic electroluminescent 

20 device of the invention. As illustrated, for example, in a full-color display, an organic layer 7 capable of emitting light of 
three primary colors, red (R), green (G) and blue (B), is sandwiched between a cathode 3 and an anode 2. The cathode 
3 and the anode 2 may be stripe-wise disposed so that they cross each other, to which is separately imparted a signal 
voltage that is selected via a luminance signal circuit 5 and via a control circuit 6 with a built-in shift register. In that con- 
stitution, the organic layer emits light at the position (pixel) at which the selected cathode 3 and anode 2 cross each 

25 other. To form the pattern of the organic layer 7 in this case, for example, the area not intended to be patterned is 
masked with a photoresist or the like, then a coating solution for the organic layer is applied through spin coating, and 
the mask is peeled to form the intended organic layer. This patterning step may be repeated. 
[0042] Now, the invention is described concretely with reference to the following Examples, which, however, are not 
intended to restrict the scope of the invention. 

30 
Example 1 

[0043] A chloroform solution of 1.5 % by weight of BSB-BCN having the constitutional formula mentioned below was 
put onto a glass substrate having a square size of 3 cm x 3 cm, on which had been formed an ITO pattern of 2 mm x 2 

35 mm, and the substrate was then spun at 1500 rpm for 30 seconds to remove the excess solution and to dry the sub- 
strate. Next, this was heated in a vacuum drier at 80°C for 1 hour. The vacuum drying step may be omitted. As meas- 
ured with a prof ilometer, the coating thickness was about 120 nm. Next, a cathode of AILi having a thickness of 150 nm 
was formed on the organic layer, in a vacuum vapor deposition chamber under a vacuum degree of about 10~6 Torr. 

45 

55 

BSB-BCN 

[0044] Fig. 3 shows the luminance-voltage characteristic of the device produced herein; and Fig. 4 shows the current 
density-voltage characteristic thereof. At a voltage of 2.5 V, the device started to emit light, and its luminance reached 
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the maximum at about 11 V. The luminance was 400 cd/m2. The current density-voltage characteristic of the device 
gave a unique profile, in which the current density first increased with the increase in the voltage, but then decreased 
once to the minimum at around 7.5 V, and again increased. At least at present, the reason for the profile is not clarified. 
The emission spectrum of the device is in Fig. 5, in which the wavelength for the maximum emission is around 650 nm. 

5 [0045] The organic layer formed herein was compared with a layer as formed through vacuum vapor deposition. It 
was found that the luminance of the device formed herein was satisfactory for its visibility though the maximum lumi- 
nance thereof was somewhat low. 

Example 2 
10 

[0046] Using the same glass substrate as in Example 1, formed was an organic electroluminescent device in the 
same manner as in Example 1. The coating solution used herein was prepared by dissolving a mixture (1/1 by weight) 
of BSB-BCN and a hole-transporting material of a-NPD having the structure mentioned below, in chloroform to have a 
concentration of 2 %. The substrate coated with the solution was spun at 1500 rpm for 30 seconds to remove the 

is excess solution and to dry the substrate. Next, this was heated in a vacuum drier at 80°C for 1 hour. The vacuum drying 
step may be omitted. As measured with a profilometer, the coating thickness was about 120 nm. A cathode of AILi hav- 
ing a thickness of 150 nm was formed on the organic layer, in a vacuum vapor deposition chamber under a vacuum 
degree of about 10"6 Torr. 

20 

25 

a-NPD 

[0047] Fig. 6 shows the luminance-voltage characteristic of the device produced herein; and Fig. 7 shows the current 
35 density-voltage characteristic thereof. At a voltage of 3 V, the device started to emit light, and its luminance reached the 

maximum at about 16 V. The luminance was 300 cd/m2. In the current density-voltage characteristic of the device, the 
current density decreased in the initial stage due to current leak, but thereafter increased with the increase in the volt- 
age. The CIE chromaticity diagram of the luminescent color of the device is in Fig. 8. The luminescent color of the 
device shifted into the short wavelength side with the increase in the luminance. The device is applicable to color- 

40   changing electroluminescent appliances by voltage control. 

Example 3 

[0048] Using the same glass substrate as in Example 1, formed was an organic electroluminescent device in the 
45 same manner as in Example 1. The coating solution used herein was prepared by dissolving a mixture (1/1/1 by weight) 

of BSB-BCN, a hole-transporting material of a-NPD and an electron-transporting material of Alq3 having the constitu- 
tional formula mentioned below, in chloroform to have a concentration of 2 %. The substrate coated with the solution 
was spun at 1500 rpm for 30 seconds to remove the excess solution and to dry the substrate. Next, this was heated in 
a vacuum drier at 80°C for 1 hour. The vacuum drying step may be omitted. As measured with a profilometer, the coat- 

so ing thickness was about 120 nm. A cathode of AlU having a thickness of 150 nm was formed on the organic layer, in a 
vacuum vapor deposition chamber under a vacuum degree of about 10"6 Torr. 

55 
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w 

15 
Alq3 

[0049] Fig. 9 shows the luminance-voltage characteristic of the device produced herein; and Fig. 10 shows the current 
density-voltage characteristic thereof. At a voltage of 6.5 V, the device started to emit light, and its luminance reached 

20 the maximum at about 17 V. The luminance was 300 cd/m2. In the current density-voltage characteristic of the device, 
the current density decreased in the initial stage due to current leak, and the minimum current density appeared at 
around 10 V. The CIE chromaticity diagram of the luminescent color of the device is in Fig. 11. The luminescent color 
of the device shifted into the short wavelength side with the increase in the luminance. The device is applicable to color- 
changing electroluminescent appliances by voltage control. The luminance of the device increased with the increase in 

25 the voltage, from which it is believed that the minimum current density appearing in the current density-voltage charac- 
teristic of the device will be caused by the change of the light-emitting substance for another. 
[0050] From the above and as in Examples 1 to 3, it was verified that low-molecular materials and even their mixtures 
in one layer could bring about electroluminescence. 

30   Example 4 

[0051] The same solution as in Example 1 was adhered to a silicone rubber, and transferred onto a polyethylene 
terephthalate substrate having a thickness of 500 \im and having an ITO layer formed thereon, through f lexographic 
printing. Then, the solvent was removed under heat, and the substrate was heated in a vacuum drier at 80°C for 1 hour. 

35 As measured with a profilometer, the coating thickness was about 100 pm. A cathode of AlLi having a thickness of 150 
nm was formed on the organic layer, in a vacuum vapor deposition chamber under a vacuum degree of about 10~6 Torr. 
The light emission was confirmed upon applying a voltage, as in Example 2. The maximum luminance of the device was 
200 cm/m2 at 15 V. 

40   Example 5 

[0052] Using the same glass substrate as in Example 1, formed was an organic electroluminescent device in the 
same manner as in Example 1. The coating solution used herein was prepared by dissolving a mixture (1/1/1 by weight) 
of a blue-emitting material of DPVBi having the constitutional formula mentioned below, a hole-transporting material of 

45 m-MTDATA having the constitutional formula mentioned below, and an electron-transporting material of Alq3 having the 
constitutional formula mentioned below, in chloroform to have a concentration of 2 %. The substrate coated with the 
solution was spun at 1500 rpm for 30 seconds to remove the excess solution and to dry the substrate. Next, this was 
heated in a vacuum drier at 80°C for 1 hour. The vacuum drying step may be omitted. A cathode of AlLi having a thick- 
ness of 150. nm was formed on the organic layer, in a vacuum vapor deposition chamber under a vacuum degree of 

so   about 10"6 Torr. 
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[0053]   The light emission was confirmed upon applying a voltage. Its luminescent color was first green, and then 
35   shifted into the short wavelength side with the increase in the voltage. The maximum luminance of the device was 200 

cm/m2at15 V. 

Example 6 

40 [0054] Using a micro-gravure coater shown in Fig. 12, a coating test was carried out. A solution to be tested was pre- 
pared by dissolving a mixture (1/1/1 by weight) of BSB-BCN, a hole-transporting material of a-NPD, and an electron- 
transporting material of Alq3, in a mixed solvent (28/8/3 by weight) of chloroform, tetrachloroethane and cyclohexanone 
to have a concentration of 2 %. Using the mixed solvent herein is in order to prevent chloroform from evaporating during 
the test, as the boiling point of chloroform is low. 

45 [0055] As the micro-gravure coater, used was Micro-Gravure Test Coater of Yasui Seiki KK. As the gravure roll, used 
was Aniax Roll of Yasui Seiki KK, which was of an oblique line type of 110 lines/inch and had a diameter of 20 mm. The 
number of gravure roll revolutions was 5 graduations in terms of the graduations on the coater; the coating linear rate 
was 3 m/s, and the drying was with a hot air stream at 70°C. As the substrate, used was a polyethylene terephthalate 
film (having a width of 5 inches and a thickness of 100 |im) on which had been formed an ITO electrode pattern. The 

50   ITO electrode pattern had a width of 1 mm 1/s, and a length of 10 cm. 
[0056] The film formed on the base film was heated in a vacuum drier at 80°C for 1 hour. As measured with a pro- 
filometer, the thickness of the film formed was about 100 nm. A cathode of AILi having a thickness of 150 nm was 
formed on the organic layer, in a vacuum vapor deposition chamber under a vacuum degree of about 10"6 Torr. The light 
emission was confirmed upon applying a voltage, as in Example 3. The maximum luminance of the device was 180 

55   cm/m2 at 15 V. 
[0057] In the organic EL device and the production method of the invention, an organic light-emitting material not hav- 
ing any polymeric repetition in the chemical structure (that is, a low-molecular one) is coated or printed. Therefore, the 
invention where a solution of such a low-molecular, organic light-emitting material is coated or printed to produce the 
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device is superior to using high-molecular materials in that the wavelength of the light to be emitted by the device and 
also the thermal characteristics and others of the device are easily controlled through molecular designing of the low- 
molecular material to be used, that the synthetic reaction for producing the low-molecular material is controlled with 
accuracy as not including polymerization, and that the synthesized low-molecular material can be purified more easily 

5 than high-molecular materials. According to the invention, therefore, there are provided high-performance devices at 
low costs, and the producibility for the devices is high. 
[0058]   In addition, the organic light-emitting material forms a single coated or printed layer as a light-emitting layer in 
the device of the invention. Therefore, the invention does not require the formation of conventional laminate structures, 
and the operation for forming the layer is easy. The layer can be formed in a simplified manner merely by settling the 

w   coating or printing condition for it. 
[0059] While the invention has been described in detail and with reference to specific embodiments thereof, it will be 
apparent to one skilled in the art that various changes and modifications can be made therein without departing from 
the spirit and scope thereof. 

75 Claims 

I. An organic electroluminescent device having a coated or printed layer of at least one organic light-emitting material 
not having any polymeric repetition in the chemical structure. 

20 2. The organic electroluminescent device as claimed in claim 1, wherein said organic light-emitting material is in a 
light-emitting layer as formed through coating or printing. 

3. The organic electroluminescent device as claimed in claim 2, wherein said light-emitting layer that contains at least 
one of a hole-transporting material and an electron-transporting material, and said organic light-emitting material 

25 is formed through coating or printing. 

4. The organic electroluminescent device as claimed in claim 2, wherein the driving electrode for said light-emitting 
layer is formed through coating or printing of an organic material containing a conductive powder. 

30 5. A method for producing an organic electroluminescent device, which comprises a step of coating or printing a 
material that contains at least one organic light-emitting material not having any polymeric repetition in the organic 
structure, thereby forming a coated or printed layer of said organic light-emitting material. 

6. The method for producing an organic electroluminescent device as claimed in claim 5, wherein said coating is 
35        effected by spin coating. 

7. The method for producing an organic electroluminescent device as claimed in claim 5, wherein said coating is 
effected by dipping. 

40 8. The method for producing an organic electroluminescent device as claimed in claim 5, wherein said coating is 
effected by spray coating. 

9. The method for producing an organic electroluminescent device as claimed in claim 5, wherein said printing is 
effected by any of relief printing, lithographic printing, gravure printing, flexographic printing or screen printing. 

45 
10. The method for producing an organic electroluminescent device as claimed in claim 5, wherein said organic light- 

emitting material is in a light-emitting layer as formed through coating or printing. 

II. The method for producing an organic electroluminescent device as claimed in claim 10, wherein said light-emitting 
so        layer that contains at least one of a hole-transporting material and an electron-transporting material, and said 

organic light-emitting material is formed through coating. 

12. The method for producing an organic electroluminescent device as claimed in claim 10, wherein said light-emitting 
layer that contains at least one of a hole-transporting material and an electron-transporting material, and said 

55        organic light-emitting material is formed through printing. 

13. The method for producing an organic electroluminescent device as claimed in claim 10, wherein the driving elec- 
trode for said light-emitting layer is formed through coating of an organic material containing a conductive powder. 
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14. The method for producing an organic electroluminescent device as claimed in claim 10, wherein the driving elec- 
trode for said light-emitting layer is formed through printing of an organic material containing a conductive powder. 
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FIG. 1 
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FIG. 5 
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FIG. 8 
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